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, a»* fnr the Treatment of Hepatitis B 
p_ L -2'-Deoxy-Nucleosides for the ire 

5 Background of the Invention 
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TMsinventtonistntheareaotm tn , ostinneed thereof, either alone or 

pharmaceurically ^ OT * ° f homan cancer. The mechanic by which 

„BV is second oniy to rohacoo as a cause c~ ' ^ 

„ aeve.opment.orindheeUy.riggerturnordeve.oprnenttoo gh 
15 andcenregenerationasso.ia.ed^dreinfeeuon. Afleratwotosixm o nt h 

L incnhadon^in^eh^ehostiann^^^ ^^hioodleveisof 

• ™*» H BV^ cause firlminarahepautrs, a rapidly P B> 
.S certain enzymes, hbvc destroyed. 

fi„ ft, diae.se in which massive seetrons of the h ^ ^ 

Paden^ieaiiyrecoverfromacntehe atmsj^ > 

^^^Wk-^-'^l; ^infee^dwith 

^ecrion. ---JSSS^l 
chronic persistent HBV are most — . **P * ^ ^ 

million carriers. Chronic perststent hepatttts can ca 

hepatocellular carcinoma, a primary liver csncen ^ ^ ^ 

Inwestemindus^coun^^^^ 

fta, of acquired immune deficiency syndrome (AIDS), wh 
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« • 

i u^xvpver HBV is more 
., . IDS ot AIDS related complex. However, n 
common among patients with AIDS or A 

contagiousthanHlV. , tave to been produced Uuough genetic enghteenng 

Ho^morerecenti,-^^ toes In, he.pO^a.read, infected wtih 

HBV. »(">^-^*TS^**^ bfc,— - 
,„ Lior^ « alphas unapproved by me D. c 

hepatitis B. See also EPA 0 494 1 19 Al ^ ^ ^fiy-l 3-nxathiolane ("FTC") exhibits activity 
C is .2-hydr„xymeti,y,- 5 -( 5 -fl^« Z^^^^ 
% ag.ns.HBV. SeeWO^um^a. fcis . 5 . Flu0K , H 2- 
Cy^iome^AnabohcProfiles^ 

~i December 1992, page 2686-269.:, an 

f 26 7(20), 13938-13942 (1992). the ^ of te ^antiomers of S'-fluoro-modifted R'- 

I- ~>~^**^T£L ofhepatitiaBpol^asesOMed 

t deoxynbonucleoside,-^ 

S» Chem.,1998,4,,2040-2046). f^'^^L^dCmandr.^ideo^ 
3 .-fluoro-P-L-5-nt"»yW dme »- L ' FM 

DMA polymerases. u itek Inc . discloses that certain 

«W»n.O— £ ^^^o^ccrandvhuses. SpeciftcaUy 
25 L-nbofumnosy. nuc.eosides can be useful for * ^ ^ ^ 

U. S . Patent Nos. 5,565,438, 5,56 6 I a^ B ^ 

^.memy.-P-L-arahinofmunolylundmeO.-PMAU) 

Epstein Barr virus. 



d ' ' ; 2 rly-L-RibonuCeosides of the Pyridine Series," ««, Czecfc <*» 

10 '^'tLr^-P-L-e^pen— prides are ^ t o have ^P^c 
U no<m 5im 132-138 and Biochem.J. (1997), 328(1), 31/ zuj. d y 

f'%0 Tyrstedetal.(BiocW^5iV>p^^to (1968), 155(2), 
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• u- .nftheoresent invention to provide new methods and 
Summary of the Invention 

d-nuc. e o»de)ora P h»n^^y^ te ^ M ^* ^Meoxy.as 

1„ one embodiment of the present tnvenuon, the 2 deoxy p 
pemofuranonucteoside derivative is a compound of the formula: 



!U 

ros 





BASE 



., nnf „ ,-traiaht chained, branched or cyclic alkyl, 
25 C 0-alM,C0^1,CO-a.iroxya J ky.,CO-aryW. f ^ 

arylsnlfonyl, aralkylsulfonyl, amino aetd restdue, mono, d,, mp 




derivative- and BASE is a purine or pyridine base wbieh may optional* be substituted. 




CO 

^0 



i * fnrm a stabilized nucleotide prodrug). • Q 

S Lotherenrbodinrent^^ 

| ^Meoxycytidineorphanuaceuticailyaecep^esahorprodrag^ 





form a stabilzied nucleotide prodrug). . 

Lothe—en^w^ 

„ L-2- -deoxyuridine or pharmacy aecepubie sah or prodrug thereof of the fonnuia: 



0^ N 

id 

. ... Jwralkyl or a stabilized phosphate derivative (to 
wherein R is H, mono, di or «ri phosphate, aeyl, or afcyl, 

*- ' nU tr ^-deoxy-H^-P— 0nUde ° Side " ^ 

>-omerembod,m^ ^^Il^sauorprodro^ereofofthefo-a: 

L-r-deoxyguanosine or pharmaceutrcaliy p 




i form a stabilized nucleotide protog). ^^.eoside derivative is p- 

In another embedment, the 2 -deoxyp j 
* ^^xyioosineorpharnraeentieai.yaeeep.h.esa.rorprodntg.hereof 



__3 



u L 




^ ,. „. „v1 or alkyl or a stabilized phosphate derivative (to 

— wherein R is H, mono, di or tri phosphate, aeyl, or alkyl, 

fom a stabiiized nneleotide ptodtog). ^^eoside derivative is p- 

^P— — • — 
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, ii i ~r a QtahiUzed phosphate derivative (to 
wherc i„ R is H, mono, di or «ri phosphate, acyl, or ** or a s-abthzed p 

fonnasuWUzednuoleotide prodrug ^ ntofi ^ 0 „»oUoside is admimslered 

to another embodiment, the 2 -deoxy-P-L erytnr p 

to alternation or combination™* one or more ^^^..^^ hepatitis 
Bvints. mgenerai, during ai^ontitetapy aneff^-8 

•♦u fV»p c^veritv of the condition to be alieviaxeu. 
values will also vary with the seventy oi PO ; me ns and schedules should be 

, a + i,vmV that includes administering an HBV treaunci 
fTlTd^^-P-o— eosidederiv^es.Aprodr.g.asnsedberetn, 

— 72^2 ^Xenostol) aeyiated. 
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Brief Description of the Figure 

, u+ • 'no R T .ervthro-pentaiuranonucleosides 
^oi r«rnre«!s for obtaining p-L-eryuu" v 
Figure 1 illustrates a general process 

Figure 2 is a graph whrch tacubated ^ 10 pM of 

Hep 02 cells in terms of accumulation and decay . The cells 

the woodchuck chronic hepatitis model. 

DetailedDeseriptionofthelnvention 

related conditions such as anU-HBV antftooy p & ^ 

bran ched, or cyclic, primary, secondary or ^ ^ ^ 

alkyl- aryl, alkaryl, aralkyl, heteroaromatic, alkoxyalRy 

'a 



ru 
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ru 



,^^»* ! * ^icpataWc, stearic, andoleic. 
propion,., — A »«* ^ "ase Wudes, bu, is no, .united to, 6- 

aiMP^^^ 

m ercaptopyrirmdi*. oracn, C -W- ^ ci . hydroxyaM puttee, C>- 

vtoylpyrimidine, C s -acetylentc pynm, ' ^ c^nopyrimidincN 2 - 
an.idopyrimidme.c'-cyanopynn.tdm ,C PY (— ! 

imi dazo,o P yrid»,y 1 ,Pyr^^^ 

* butyidimed.yUily^a^idiphenyisdyi.mtyi,^ 

I ptopiooy^eu^ny^P-^^ ^ to a nucleoside^ 

1 Tbeten.biologicaUyacdvcnuc.eos.de.asu^dhe 

^sanEC^ofiSntic^otiesswbentestedtn^iSce., 

hepatitis virion. flucytosine, 5-bromocytosine, 5-iodocvtosine, 

p^edbasesinciudecytostne >^ m ^^e, adenine,^ 
„4 5-fluorouracil, 5-bromourac.l, 5-odotuaci 5 y ^ «. 

trifluoromethyluracil. 




□ 



ru 



■■■■J 

in 



• * 

a 5'-ether lipid, as dtsclosed m the followurg d c piantadosi . 

> « N Iver E Leake,A.Raben,ModeslE.J.,U-L.w.,dn 
herein: Kueera, L.S N. Ly , . .^.^ ^ pIoductlon 

»* ^-T^^L^S^bI^— .^Piantadosi.C., 
Kueera, N. Iyer, C.A. Wallen, S. Plan , M ed Chem. 34:1408-1414; 

rinll^er by reaction with an appropriate eaerifying agent, for example, 
pharmaceuttcal.y actable es*r by ^.e prodrug ean be 

„ aeid halide or anhydnde. The nuc.eo ,d o P ^ for ^ 

by treatment with an appropriate base or acio. 

nucleoside, for example, by ^ or compleMS re fers . salts or 

complexes of the 2 -deoxy-p L eryinr _ toxicologic* effects. 

add, malic acid, ascorbic acd, benzoic acid, amuc P fflc Mid . w base 

a.a.naph^fomcaeld^h^^ »^ ^ . 

addition salts formed with cations such as sodium, potassium, 
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m ag„esium, alun,^, copper, cobalt, nicke,, cadmium, sodium, p*— . and *e I* 
TLorganiccationfornteufr^ 

The.ermprodrug,a S u S cdherei I ,refers«oacompo U ndAa, l sconvenedmto«he 

or alkylated derivatives of the active compound, and the 5 phospftoip 

derivatives of the active compound. „. lvMtheN « N 6 and 5'-0 position,, can 

Modifications of fte active compounds, specfically at ure N , N an * 

the delivery of the active species. . mv 

ZZ ofar.deo X ,-H«u— uCeosidederivativeseiectedfiom^^up 

,• . of B L 2'-deoxyadenosine, p-L-r-deoxycytidine, p-L-r-deoxyundme, S-L-2 - 
cons.stmgofp-L-2 deoxya ,P deox ^ ymiaine , or a physiologically acceptable 

guanosine,P-L-2'-deoxymosme,andP-L-2-deoxyU>ym.o f 

Lrug thereof, including a phosphate, 5' and or N» alkylated or acylated dertvabve, or a 
at least approximately 95% in the designated stereoconfiguration. 

Noc, t; p o— .-«---•----•— -rs.' 

^ to increase the activity, bioavailability, stability or other™* alter the properties of ft. 

i . I ^^-*i-*-*-*-* ta,,t,,,,, - 



, 2-diacy.g.ycerol and alcohols. Many are described in R. Jones and N. Bischofberger, An, M ra, 
Research, 27 (1995) 1-17. Any of these can be used in combination with the dtsclosed 
nucleosides to achieve a desired effect. 

in one embodiment, the 2'^-P-L-e^-P™tofutanonucleoside is ptovtded as 5 - 
hydroxyl.ipophi.ic prodrug. Nonlimiting examples ofU.S. patent ma, disclose sm«ab.e 
lipophilic substituents ma, can be covalentiy incorpora,ed in,o me nucleoside, preferably a, tire 
5 -OH position of the nucleoside or lipophilic preparations, include U.S. Pa,en,No, 5,149,794 
(Sep 22 .992, Yarvin e. al.)-, 5,.94,654 (Mat. 16, .993, HosKder e. a.., 5,223,263 (June 29, 
,,93 Hostetier e, a..); 5,256,64. (Oct 26, 1993, Yatvin e, a!.); 5,41 1,947 (May 2, 1995, 
Hostetier eta..); 5,463,092 (Oct 31, 1995, Hosletiet e, a..); 5,543,389 (Aug. 6, 1996, Yatvine, 
al )• 5 543,390 (Aug. 6, 1996, Ya«vin e, al.); 5,543,391 (Aug. 6, 1996, Yatvin etal.); and 
5 554 728 (Sep. 10, 1996; Basava e, al.), all of which are incorporated herem by reference. 
' Foreign paten, applications ,ha, disclose lipophilic substituems <hat can be attached ,o tite 
T deoxy-p-L^mro-pen,ofura„onueleoside derivative of me presen, invention, or lipophthc 
preparations, include WO 89/02733, WO 90/00555, W0 91/16920, WO 91/18914, WO 93/009,0, 
W0 94/26273, W0 96/15132, EP 0 350 287, EP 93917054.4, rmd W0 91/19721. 

Additional nonlimiting examples „f 2^eoxy-p-L<rytino-pentt>fwanonucleo S ides are 
ftoae tita, comain substinrents as described in tine following publications. These derivattzed T- 
deoxy-P-L^ryttttO-Fcmofuranonueleosides can be used for ttte indications described m *e tex, 
or otherwise as antiviral agents, including as a„,i-HBV age„«. Ho, D.H.W. (.973, Disttibution 
of kinase and deaminase of 1 p-D-arabinofuranosylcylosine in tissues of man and mouse. 
Carreer to. 33, 2816-2820; Holy, A. (1993) Isopotar phosphorous-modified nucleottde 
analogues. In: De C.erco (Ed.), Advances in Antiviral Drug Design, Vol. I, JAI Press, pp. 179- 
231- Hong C.I., Nechaev, A., and West C.R. (1979a) Syndesis and antitumor activity of 1 0-D- 
arabinoWlcylosine eonjuga.es of Cortisol and cortisone. »**» Bicpkys. Rs. C— 
88 .223-1229; Hong, C.I., Nechaev, A., Kirishs, A.J. Buehheit D J. and West C.R. (1980) 
Nucleoside conjuga.es as po,ential antittunor agems. 3. Syndesis and antitumor activity of Hfr 
D-arabinofuranosyDeyosine conjuga,es of corticosteriods and selee,ed lipophilic alcohol, 1 
Med Chem. 28, 171-177; Hostetier, K.Y., Sttthmiller, L.M., Lenttng, H.B.M. van den Bosch, H. 
and Richman, D.D. (1990) Synthesis and antiretrovira. activity of phospholipid analogs of 



_ n . , rUom 61 12-6117; Hostetler, K.Y., 
^tottoviral action fa CEMce.ls. J. M <*-• » » 714 » ' ^ in hepatitis 

Richman, D.D., Sridhar, C.N. Fe.gner, PX, J* ^l^-ddC: Assess, of 
andE..is,M.N,.994b)Phospha^^^ 

infectedeeUsandinrauscher «~ ^ R T,Ba to rinU.,a»dDe 
S^^Hons.on.R.N.,^ 

^rW-fl^uridine. L Med. Chen,. 27, * 0£fc 

Bischoff, P. and Lnn, B. (.990); Monophosphono add rf 

. •, a TW-lerca E (1984) Synthesis, properties, and tnoiogi 
Balzanni,J.andDeClercq,E.( > ^ ,47,4474; Jnodka,B.A. 

^eosidecycUephosphorantidates. N) aci d derivatives. Co... 

..^OW***'—; 51 ^ N Ka,o,M.,Saito,M., 

5 Kawada, T. and Imai, S. (1989) Alkyl Kataoka , s ., Uchida ,R.a„dYamaji,N.(1991) 

A convenient s^thesis ° ^^^ j' ^ H ^, ey> j j., O'Connor, T.J., Jones, B.C.N.M., 
Md. 32, .351-1356. Ki & Coraparison rf 

Devtoe,K.O., Taylor-Robinson, D., Jeflhes, DJ. an deriva , ive s against 

^ • h Yoshino H. and Saneyoshi, M. [}yoy) ahuiuui 
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. •,,.<„ mvncardium Naunyn-Schmiedeberg's Arch. Pharmacol. 310, 
esters on gmnea-p.g ventncular myocardium, m y ^.n-ctacQ E (1990) 

,03 .1 1- Kama,, A., Ooe, P.L., Jones, AS. Walker, R.T. Balzanm, J. and De 0*» E. (19 ) 

M^cL 33 2 3L75 ; LcBec,C,andHn y nh.D i nh,T.(»99.)Syn«hes 1 sofhpoph 1 hc, 

phosphate tnester denvatives 01 j uu 

wl*. 1* 32,6553-6 5 56-, Uchtenstein, J., Bamer, H.D. 

Is- Lucmy 3 Von Daeniken, A„ Friederich, J, Manthey, B., Zwerfel, I, Schlatter, C. and 
Bel M HOW Synthesis and roxicologiea, properties of three nattrraUy oceonrmg 

7 6065-6075- McGoigan, C, Devine, K.G., O'Connor, T.J., Galpm, S.A., Jeffries, DJ. and 

r T 2 D 0«i Synthesis and evaluation of some novel phosphoramidate denvattvea of 
Kinchmgton, D. (1990a) by 

•t'-azido-3 , -deoxyuiymidine(AZT)asanti-Hlvcompoun ^ 

07^3- McGui^, C, O'Connor, T.J., Nichols, S.R. Nickson, C. and Kinchington,D. 
,07-113, McOu g , ^ phosphate denvanves 

(1990b) Synthesis and antt-HlV acttvtt, 

of AZT and ddCyd. Antiviral Chem. Chemother. 1, 355-360, Mcomg . 
^TJ LdKinehi J1 g,on,D.(.990c)Sy.mesisofsomenove.dia.ky.phosph« 
O Connor, T. ^ ^ ^ ^ ^.^ ^ 

antt-HlV activity of somehalodkylphosphoramidatederivattves of 3 -aado-3 - 

H»v A J (1992) Aryl phosphate denvatives of AZT retain activity s 

k luo me action of AZT. to. 17, 311-321 ; McGuigan, C, Pathirana, 

whichareresistanttotiteactionot „ 993a) PhoS phoramidate derivatives of 

R N Choi S.M., Kinchington, D. and O Connor, T.J. l 1 " JB l r P „,..„, 

S^-HW;^-*^— ^^^^ 



delivcr y of oioacuve AZT nucieotides oy ary, phosphate derivanves of AZT. , Ma, 0. 36, 

monophosphates. 'HNMR and x-ray crystallographic study of the ^' a ^'^ m ^ S ne 
Iv eyehe V ^-monophosphate. ^. O- ,09,4058-4064^^,^., 

m., liiioi, o v: mil ra T Yamada, K, and Kimura, J. 

Yoshida, T, Masaoka, T„ Hashimoto, S., Ohshtma, T, Ktmura, I., Yama a, 
„991) Treatment of myeiodysp.astic syndromes ™th oralty admuustered 1-p-D- 
v » o^vkvtosine-S'-stearylphosphate. Onco/ogy 48, 451-455. 

sustai „ed dehvery of ^-.dideoxynucleosides ,o Ore hrai, J. Med Cen,. 32, 622^625, Perkurs, 

p ^Barney S WHtrock, R., dark, PB, Levin, R. Umhert, D.M., Peneway, S.R., 

R.M^, Barney, S ^ K , ^ ^ ^ r _ ^ ^ Hatvey> 

Tr I£££j*f of BRL47923 and its oral prodrug, SB203657A agaios, a 
^iZTr-L-W — OCSupp.,,84; Pian^ 
«C,,,,Mo^Ha^e,,,,Meye I ,K.^ 

eval uauon ofnoveiemerhpidnueleoside conjugates for anh-HlV i arttvtfy 

,408 1 4 1 4 Pompon,A.,Lefebvre,I.,Imbaeh,J.L.,Kahn,S.andFar q uhar,D.( 994) 

cleaning' HPLC technique, /Iw.wra/ Ctem. Chemomer. o,y 
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dmydmxy-^mpoxyimethy.] !-* ' °™ 29 > 671 " 675; F - T!^- 
22 1 55-174- Pugaeva, V.P., Klochkeva, S.I., Mashbits, F.D. and Eizengar., RA (1969). Robins, 

r.k (1 9M)^h.^•t«»^^- u ^ rf, *^^ , ^ Pto7 "- 

te ', 1 . 1 8Rosowsky,A.,Kim.S.H.,Ros S andJ.W i ok,M.M.(.982)LipophiHo5'- 

JL* of the wahcer turnout towards aromalic nitrogen musurds ™ basic s,d chains 
foUowL^ glucose pretreatment. Biochem. Pharm. 8, 235-240; Ryu, E.K., Ross, RJ- Matsushita, 
T MacCo S s,M.,Hong,CXandWes.,C.R.(.982). Phospholipid-nuc.eosideconjuga.es. 3. 

S^mesis and preliminary bio.ogic^^^^ 

. , , iy.w rl,» m 25 1322-1329; Sa8hill,R. and Hume, W.J. 

5'diphosphate[-],2-diacylglyceKils. J. Med Chem.25, \iu is , 

(1986) The degradation of 5-iododeoxyuridine and 5-bromodeoxyuridine by serum from 
different sources and its consequent for the use of these compounds for incorpomnon ntto 

"11, A.and Y oshi.,H.(,980) Syndtetic nucleosides and nucleotides. XV,. Syndics* 
m d biological evaluations of a series of . -p-D-arabinomrnnosy.c^itie 
^phosphates. <W»»** % 29,5-2923; Sas^J.K.,Nehe,e,P14., Khan, S 

di deo* uridine 5.-mono P ho S pha,e analogue mmbi.humar.mimu^K.efie.eneyv^mf^n. 
Mo/. Pharmacol. 41, 441-445; Shaw, J.P., Jones, RJ. Arimilli, M.N., Lome, 
and Cundy, K.C. (.994) Oral bioavailability of PMEA from PMEA prodrugs m m* Sprague- 
Dawleyrats. 9m Annua. AAPS Meeting. San Diego, CA (Abaract). Shtdo, S„ Ueifc, S 

phosphaddytauCeosides by an enzymatic two-phase reaction. MM. * »** 

i. f^ncnnV.nsDhatidvl)nucleosides and their antileukemic 
0988) A facile enzymatic synthesis of 5 -(3-sn-phosphatidyi;nucie 

activities. Chem.Pharm.Bull. 36, 209-217. One preferred phosphate prodrug group is the S- 
acyl-2-thioethyl group, also referred to as "SATE." 

,6 ^ 



Combination or Alternation Therapy 

„ bas been recognized that drug-resistant variants of HBV eon emerge after prolonged 
treatment with an antiviral agent. Drag resistance most typically occurs by mutation of a gene 
.hat encodes for an enzyme used in tbe viral life cycle, and mos, . -e of HBV 

DNA polymerase. Recendy, it has been demonstrated una, the efficacy of a drug agatnst HBV 
infection can be prolonged, augmented, or restored by administering dte compound m 
combination or alternation with a second, and perhaps third, antiviral compound that tnduees a 
different mutation from tha, caused by the princip.e drag. Aftematively, .he pharatacofcnedcs, 
biodisuibution, or other parameter of the drag can be altered by such combination or alternation 
therapy. In general, combination therapy is typical., preferred over alternation therapy because , , 
itinducesmultiplesimultaneousstressesonthevirus. _ 

The anti-hepatitis B viral activity of P-L-r-dA, p-L-r-dC, P-L-2'-dU, frW ^ 
r d T B-L-dl oroflterp-L.y-nucleosidesprovidedherain.ortheprodrugs, phosphates, orsafts 

combination or alternation. Alternatively, for example, one or more of p-L-2 -dA, P-L-2 -dC, P- 
L T dU P-L-r-dG, P-L-2'.dT, P-L-dl, o, other p-L-2' -nucleosides provded hereto eon be 
anndniJered in combination or alteraation widt 3TC, FTC, L-FMAU, DAPD, famciclovir, 
penciclovir, BMS-200475, bis pom PMEA (adefovir, dipivoxil); lobucavir, ganctCovn, or 

" ^nanyofmeembodimen^describedheram.iffteP-W'.nueleosideofuteprasem , 
inventionisadmims.eredincombinationora.temation^.hasecondnuc.eostde^ 
nonnucleoside reverse transcriptase inhibitor tha. is phosphorylated to an active form ., ts 
jetted tha, a second compound be phosphorated by an enzyme tha, is different front tha, 
which phosphotyfa.es Ore selected p-L^-nuc.eoside of dte presen. invention in vivo. Example, 
of kinase enzymes are thymidine kinase, cytosine kinase, guanosine kinase, adenostne knrase, 
deoxycytidine kinase, 5'-nucleotidase, and deoxyguanosine kinase. 



Preparation of the Active Compounds 

The 2 .. d eoxy.H-^o-pe„.o toa no„»c,eoside derivatives of the present mvenhon are 

am Commu*. (1972), 37(12), 4072-87 and Mo,. Phys. (1967), 3(4), 386-95 

A general process for obtaining fJ-L-erythro-pentafuranonucleosides (P-L-dN) is shown 

in Figure 1, using L-ribose or L-xylose as a starting material. 

Mono, di, and triphosphate derivatives of the active nucleosides can he prepared as 

described according to published methods. The monophosphate can be prepared aeeordmg to the 

" a 1547.1550 (June 1969). The diphosphate can be 

procedure of Imai et al., LOrgXheta, 34(6), 1547 

.pared according to the procedure of Davisson e, aL, ififcS-B, 52^ ™™<»£ 
The.iphosphatecanhcprepa.edaccordmgromeprocedureofHoarde,^ 

87(8), 1785-1788 (1965). 

« being se, a. 2.49 ppm as reference. Deuterium exchange, decupling experts or 2D- 
.presented by a (single,), d (doublet), dd (double, of double,), , (triple,), , (quadruple,), br 

Specific rotations ™ere measured on a Perxin-Elmer 24, specn.polarimCer (pa* eng* 1 cm) 

was performed on precoateu aluminium sheets of Silica Gel 60 F !s4 (Me* Art. 5554), 
vJLion of produce being accomplished by UV ahsorhency followed by chamng w„h 10 A 



(Merek, Art. 9385) at atmospheric pressure. 
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BzO 




Dc^socxsyci, 

A DMAP/GH3CN 



BzO 



/CHaCC^H-pyridine a(6 8% yield) AIBN/Droxane 




4 (96% yield) 



HO 



HO 



mMTiCl/pyridine | 



mMTi 




,mMTr 



HO 




,mMTr 




mMTr 



■O^ mMTxCl/pyridine 
2(72% yield) 6(99% yield) 

DEAD,PPh 3 , 
CeHsCOjHmff 



NH3/CH3OH 



S (72% yield) 



mMTiO 




.mMTr 



LpBi 



T4Hj/CH 3 OH 



9(r CHjCOjH 
£ (76% from D 



2VDeoxy-P-L-»denosine 
(&-!»- dA) 

(83% yield) 



9-(3 5-D.-0-benzoyl-p-IxiylofuraDOsyi)adeniM (3) 

A solution of ^-O-aoety.-S.S-di-O-benzoyl-H-^anosyOadenine 2 [Ref.: 
GosseHn, O, Bergogne, M.-C, .mbach, J.-L., "Synthesis and AnnvW Evaluation of (H, 
Xy.ofirranosy. Nuclides of tine Five Naturally Occuring Nucleic Actd Bases 

m L and stirring was continued for one additional hour. The reaction mixmre was reduced* one 

organic layer was washed successively whh an aqueous sanuated so.u.,on of NaHCOa (3 x 100 

n^ano,. The residue was purified by silica gel co.umn chromatography (0-3 /. MeOH m 
dichloromethane) .o give 3 (5.2 g, 68%) precipe from diisopropyhc ether : H NMR 

m 6 3 (br s, 1H, OH-2'), 6.45 (d, 1H, H-l' , J.vr - 4.6 Hz), 7.3 (br s, 2H, ^ ^ <«• 
TM+H1 + 136 rBH 2 ]\ (FAB") m/z474 [M-HV, 134 [B]'; UV (95% ethanol) : W 257 nm (a 

C^U(MM,5.45):C,60.43;H,4^ 

9.(34-Di-0-benzoyl-2-d«. I y-p-L-r*re»-p.ntof«ran. S yl)adenm« (4). 

To a solution of compound 3 (1.00 g.2.1, mmol) in dry acetonMe (65 mL) were added 
4. ( dimemylami„o)pyndine (0.77 g, 6.32 mmo.) and phenoxydnocarbony. chloride (0.44 mL, 

resi due was dissolved in dichloromemane (50 mL) and washed successive., w,th water (2 x 30 
1) aqu eousso.u,ionofhydroch,oricacidO,N(30mL ) andwa t e,(3x30mL) Theorgamc 

J, 1 dried, filtered and concentrated to dryness. Tne crude thiocarbony.a,* — male 
« directly .reared with ,ris«.snyl)suane hydride (0.78 mL, 5.23 >-*>f"- 
azoisobutyronifrile (AIBN, 0.. 12 g, 0.69 mmo.) in dry dioxan. (.7 mL) a, reflux for 2 h. The 
advent was removed under vacuum and tite residue was purified by sUica ge. column 
chromatography (0-5% MeOH in dichloromethane) to give pure 4 (0.93 g, 96%) as a foam : H 
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NMR (DMSWd : » 2.9-3.. (m, 2H, H-2' and H-2"), 4.6 - 4.7 On, 3H, H-4% W and H-5 ) 
Z-lH,H.3'),6.43(dd,»H,H.r ;J ,, = 3. 1 Hz, J ,,. = 7.6Hz),7.3(br S ,2H,NH,6),7.4- 

|M«r 325 BT, 136 PW\ (FAB) m/z 458 [M-H]", .34 [B)-, UV (95% ethano.) : *_ 26. 
I (e ,4400), 23. nm (e 26300), ^249 nm (a .2000) ; [*» - - 38 (c ..04, DMSO). 
W 4-M.n.m«th.^rityl)-»K3^i-a-b.^l-M«.zy + l^^P»«o- 

furanosyl)adenine (5). 

To a solution of compound 4 (0.88 g, 1.92 mmol) in dry pyridine (40 mL) was added 4- 
roonomethoxvuityl chloride (US 8, 3.84 mmol). The mixture was stirred a. 60»C for 24 h. After 
addition of methanol (5 mL), the solution was concentrated to dryness, me residue was drssolved 
in dicWoromethane (50 mL) and washed successive., with water (30 mL), aqueous saturated 
.. NaHCO3(30mL ) andwa,er(30mL).Theorganielayerwasdried,f,..ered,concen tt a tt dandco- 

" (m 2H H-2' and H-2»>, 3.62 (s, 3H, OCH 3 ), 4.6-4.8 (m, 3H, H-4% H-5' and H-5"), 5.85 <* 1H, 

7 4 (2m 24H, 2 benzoyls and MMTr), 7.97 and 8.13 (2s, 2H, H-2 and H-8); ms : mamx GAT, 
(FAB^'m/z 732 [M+HT, (FAB") m/z 730 [M-H]'; UV (95% ethanol) : »«. 274 nm (e .2.00), 

225 nm (e 24200), X* 250 nm (e 5900); [*» - .6 (e 1.12. DMSO). 

6 . W . ( 4-Mo„omethoxytriryI)-9-(2-deoxy-p-L.rfcre»-pentofur.nosyO-aden.n« (6). 

Compound 5 (0.95 g, 1.30 mmol) was treated with a solution (saturated at -10X) of 
raeth ano,ic ammonl (40 mL), a. room temperature overnight. After concentration, me residue 
W as dissolved in dichloromethane (60 mL) and washed with water (30 mL). The aqueous ayer 
was extracted twice with dicWoromethane (.0 mL). The combined organic .ayer was dnet, 
filtered and concentrated. The residue was purified by silica gel column chromatography (0-5 /. 

(m 2H, H-2' and H-2"), 3.5 (br s, 1H, OH-5'), 3.55 (s, 3H, OCH3), 3.9-4.0 (m, 3H, H-4 H-5 
and H-5"), 4.5-4.6 (m, .H, H-3'), 6.03 (dd, IB. H-. J,-,, - 4.0 Hz, J rr - 8.8 Hz), 7.0 (br s, 
, H NH-6) 6.7-6.8 and 7.1-7.4 (2m. 14H, MMTr), 7.40 (d. 1H. OH-3% J„.oh - 10.6 Hz), 7.80 
and 7.99 (2s, 2H, H-2 and H-8); ms ; matrix G/T, (FAB*) m/z 524 [M+H] + , 408 [BH2] , (FAB") 



ru 



ru 
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.045 PM-H1-, 522 [M-HV, 406 [B,-, UV (95% etaol) : »_ 275 nm (e 12300), V. 247 
nm fr 3600V Mo 20 - + 28 (c 0 94, DMSO). 

pentofuranosyl)adenine (7). 

Compound 6 (0.62 g, 1.24 mmo.) in dry pyridine (25 mL) was treated i wrt .4- 

methane. (5 mL), the mixture was concent to dryness. The restdue was d,ssol ed « 
dichloromethane (60 mL) and washed successively with water (40 mL), a ^^"^ 
s „ luti on of NaHCC (40 mL) and water (3 x 40 mL). The organic .ayer was dned ^ 

gd c „,umn chromatography (0-10% MeOH in dich.orome.hane) * gtve I (0.7 * 72 A) as a 
foam 'HNMR (DMSO*) : 8 2.2! (d, 1H, H-2' fr, = 143 Hz), 2.6-2.7 (m, 1H, H-2 ), 3.1-3.3 
r2HHTalH.5^ 3 64a^3.65(2 S ,6U2 X OCH3),4.M.2( m ,iaH^«A3( : 

U-7 3 < m 29H, 2 MMTr and NH-6), 7.83 and 8.21 (2s, 2H, H-2 and H-8); rns : mattx GIT, 
I" L2 5n m (e30900 ) ,^246n.»(e.2800) ;[olD » = + 14(cl.03,DMSO ) . 

L-en<*r»-pentofuranosyi)ademne(8). 

A solution of diedtylazodicarboxylate (0.38 mL, 2.49 mmo.) in dry tetrahydrofuran (20 

rtphenylphosphine (0.66 g , 2.49 mmo.) and benzoic acid (0.30 g,2.49 mmo.) n dry THF (20 
I Th Lie was stirred a, rootn temperature for , 8 h and methano. (1 mL) was added. The 

IT-— 

co.umn chromatography (0-5% ethy. acetate in dicmorometoe) to give impound 8 sUghfly 
contaminated by triphenylphosphine oxide. 

6 . W 4.Mo»ome,h.xv.ri.y.)-9-(^^^ 
pentofuranosyl)adenine (9). 

Compound 8 was treated by a solution (saturated a, -,0°Q of methanohc ammoma (20 
mL), a , reom temperature for 24 h, men the reaction mixture was concentrated to dryness. Tbe 



;i3 a 

iU 



ii 
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fiLd and concent. Pure compound 9 (0,0 g, 76% from 7) was ohtamed as a foam 

mreOT , . , ,„ w /n w.MeOHtodicMoromethane):'HNMR 

purification by silica gel column chromatography (0-2/. »«» - 

? M and3.«5 P s,«H,2xOCH 3 ),3.97( W , 1 H,H^4.^(^ 

V fc „. 4 5 Hz), 6.34 (t, 1H, H-l\ I W = I.vr - « Hz), 6.8-6.9 and7.1-7.4 (2m, 29H, 2 

[M+HT 408 putf. (FAB*) m/z 794 [M-HV, 406 IB]-, UV (95% emano.) : W 276 nm (e 
42600), L 248 nm (a 23300); [*» - + 29 (c ..05, DMSO). 
2'-Deoxy-P-L-adenosine (JJ-L-dA) 

Compound 9 (0.44 g, 0.56 mmol) was treated with an aqueous sohttion of acettc add 
80% (.7 mL) a. roc™ temperature for 5 h. The mixture was concentrated ,o dryness, fire resrdue 

was concentrated and co.vapora.ed with toluene and methanol. Tne desrred 

chromatography (0-12% MeOH in dichloromefirane) and filtratton through a Mtllex HV-4 urn. 
tZ ZZ*> ■■ m !«■»« (crystallized fiom watet) (Lit. 1M-US-C fo, 

^Procedures in Nucleic Acid Chemistry. 
189°C for D-enantiomer[Ref.: Ness, R.K.mSyn(Ae«c^o« 

Zorhach W.W., Tipson, R. S„ Eds, J. Wiley and sons : New York, .968; Vol ,, pp 183- 87] H 
SI 3 86 (po 1H, H-4'), 4.3-4.4 (m, 1H, H-3'), 5.24 («, 1H, OH-5", l„,o„ - 5.8 Hz), 5.30 (d, 1H 

21 00),«l D » = + 25(cl.03,H J O),(Lh.[ab M = + 23(c..0,H J O)f OTL ^< m e l[ Rrf, 

m r v, d v \ n Svnthetic Procedures in Nucleic Acid 
(c 0 47 H 2 0) for D-enantiomer [Ref.: Ness, R. K. in Synthetic trocea 
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183 . 18 71). Anal. Ca,cd fo, CrfWW, ♦ « ftO <M - ™*> = C - «"* * "** 25 - 17 ' 
Found :C, 43.63; H, 5.45; N, 25.33. 

Example 2 Selective Synthesis of r-Deoxy-p-L-AdemKine (|WA) 

, SnCk, \— f 



reactions 1 
-ribose ^ 



1) H2S0 4 ,MeOH OBz OBz 

2) BzCI, pyridine 143 

3 ) AqAAcOH,H2S0 4 — 

Ac=COCHj 
Bz = COGbHs 



reaction 2 



| Yield = 44%| 
crystals 



H2N 



1 chromatography column 
| Yield = 70%] 



foam 



react/on 5 



NHf.MeOH 



1) Adenine, 
acetonitrile 

2) NHb/MeOH 



OH OH 
L -adenosine 14 5 
| Yield « 75°>j 
crystals 



TipsCfe, pyridine 



H2N 



reaction 3 



reactions 4 



1) PhOCSCI, DMAP, 
acetonitrile 

2) TTMSS,AIBN, dioxane 



0 1 " ro J- 

1 I 



oh °"^ Si Y- 

146 

| Yield = 90°>4 
crystals 



L-deoxyadenosine 149 
1 chromatography column 
| Yield ^ 75%| 
crystals 



Reaction 1: ^ AcO . 0Bz 

MeO~^ "**^J *" Me °^ f H s0 1 f 

L-ribose- ► \ ( bzCI. pyridine £ QBz a^O.AcOH OBz OBz 

H 2 S0 4 ,MeOH H0 0H 143 

1*1 | Yield = 44%| 

crystals 

r ^ rAS r24259-59-41, batch RIB971 1013) 

= ^"rrrii — — - - 

u ^^rTluka ref 45830); Ethanol 95 (Prolabo;ref 20823.293) 
AMUCifflh,dn ^ t E F - «— * Eine neue, Einfache Synthase des >-0- 
References: Recondo, t. r., anu i>a 1171117171959) 
A^.S-Tri-O-P-D-Riboftonosides. JW* Chm. A* HTMITS (1959). 

„ , k 141 (150 n 1 mol) in methanol (2 liters) was treated with 
A C i I" fJc Ifl, id dren neutraHsed with py^e (ISO m,, 
su ,phune aerd (12 m.) ^ % ^ A ^ rf te 

Evaporation gave an ^ ^ ^ ^ ^ ^ 

— * ^^TIZ was left a, room tempera- for 12 hrs and then 

poured on tee (about 10 rs) ^ ^ ^ ^ ^ fcB 
„„ a Cellite bed. The resultmg otl on the celhte bed 

M wHh edty. acetate (3 liters, The organ, „ ^ 

motion (2 lite.) and water (2 liters), dried over ^ ^ ^ „ 

,0^,-2,3^^ ^ „ ^ 

m acetic anhydnde ,560 ml, and acettc acid * The ^ ^ 

addition of concent snlphunc acd (80 ml), kep » 

<■ ini,,* The soltrtton was then poured <m ice (about 10 liters) unoe 
stimngforlOhrs.Thesoiunon f r ,,, ite bed The resulting gummy solid 

on the cellite bed was washed with water (3x3 liters) ana 



> nhase was washed with 5% NaHCO, (1 liter) and wa.er (2x2 liters), dried 
liters). The organic phase was was crystallized 
0VCT sodium sulfate, filtered and evaporated to give a gummy so.,d ,43, 

ftom ethanol 95 (yield 225 g, 44%). 

AnalvS es for 1 .0-ace W .-2^.H-0-ben M yl-p-t-nh.fur.n»se 143 

mp ,29-130'C (BOH 95) (li..(D n>P UO-UTO ^ (s> , a 

ri^™ % - - , 3„, COO, (idenfic, to 

c„ m nrercia.\.0-aee V l^,5- tt i-OW-P-^« 

Ma ssanalysis(FAB + ,GDm/z445(M-OAc) + 

, ■ r H Oo Calculated C 66.66 H 4.79; found C H 
Elemental analysis C 2 «H 2 409 uucmareu 

Reaction 2: h 2 n 

H 2 N 

VS ^ \ 7 NH 3 /MeOH > f 

\ 7 Adenine, SnCU. \ / HO OH 

JbToBz 8CCt0n * rite BzO OBz L ^ d enosine145 

3« — | y,eld = 7 5 %l 

crystals 

»*— ^* M ;: d ^Cbsfiruted Purines. «« «. »• 

Chloride analyzed Rrhosylaho, of Sev^ ^ 

2518-2521 (1979).; Nakayama,C., and Saneyosn. , y 

XX. Synthesis of Various l-p-Xylofiiranosyl-S-Alkyluracils an 

Nucleosides, Nucleotides, 1, 139-146(1982). 
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• . ,44 Hanoi) was suspended in aee.oni.rile (400 nJ) with ,-O-actfyl- 

Adenme (19.6 g, 144 mmol) P ^ ^ ^ 

^ chloride finning (22 m,, ,87 nnno,). After ,2 hrs, *. r 

^ volura e (afiou, ,00 * and sodium M»8— < >^ ^ ^ 
^ Tfie fifing w„Ue solid (fin safts, waa * ^ , ^ 

5% solution and water, dned son ^ m 

(fiOg.eo.or.ess^.Tfiefoarnwas^n^^^ ^ ^ ^ 

adenosine 145 (24 g, crystals, 75%) 
Analyses for p-L-adenosine: 

mp 233-234°C(water)(nU4)mp235-238°C) H2 and Hg), 7.37 (Is, 2H, NH2), 5.86 



adenosine) v> 
Mass analysis (F AB+, GT) m/z 268 (M+H) , 36(BHi) 

Reaction 3: 

H 2 N 



U ( >-N 



''v^O^r 0 " TipsCI 2 , pyridine V / 

l — L. 0H 



H 2 N 



J- 



HO OH 

L-adenosine145 146 



Yield = 90% 
crystals 



i y 

ry 
ill 



~ • ~ " 

mt , * F,uka; ref 36520); S ° dium "** 

(Prolabo;ref28111.365) »cw«ov 
Solved Pyridine 99% (Acres; ref 131780025); Ethyl acetate Pur (Carlo erba; ref 528299), 

Acetomtrile(Riedel-deHaen; ref 33019) 

Reference: Robins, M.J., e« a,., Nudeie Acid Re.a.ed Conrpounds. 42. A General Procedure 
for Ore Efficient Oxygenation of Secondary A,coho., Regiospecif, and S^ecUve 
Conversion of RibonuCeosides to 2 W uc,eos.des. J. An,. Cton. So, .05, 4059-4065 

(W83) to ..adenosine 145 (47,2 g, 177 nuuol) suspended in pyridine (320 ml) was added 1,3- 
dichloro-U^J-te-aisoptopyldisiloxane (63 ml, 20. mmol), and the mbowe was st^ed a, room 
temperature for .2 hrs. Pyridine was evaporated and me residue was parUUoned wt* e*y 
acetate (1 liter) and a NaHCOj 5 % solution (600 ml). The orga.dc phase was washed wtth a HC 
0 5N so.ution (2x500 ml) and water (500 ml), dried over sodium sulfate, filtered and evirated 
,„ dryness. The resulting solid was crystaHized from acetonitrire to give compound 146 (81 g, 

TnXses 3 ^'-0-(l,W3-te.ral S o P ropyl-U-di S Uo M nyl)-p-L-ade„.stae 146 : 

mo 97-98-C (acetonitrile) (lit. (5) D enantiomer mp 98°C) ..„'«„ 
■ H NMR (200 MHz, CDCh): 5 8.28 attd 7.95 (2s, 2H, H 2 and H 8 ), 5.96 (d, .H, J,, ... Hz), 5.63 
(s 2H, NHt), 5.10 (dd, .H, H,, J,, 7.6 Hz, ,„ 5.5 Hz), 4.57 (dd, .H, H 2 , J,v 1.2 Hz; fe, 7.6 
Hz) 4 .5-3.99 (m, 3H, H,, H,. and H s ,), 3.3. (si, 1H, OH,), ..06 (m, 28H, isopropy. protons) 
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as 

(7- 



Reaction 4: 



V°^K - K — / 

\ / * T 1 s° TTMSS, AIBN, O— Si' 

0_c,^° PhOCSCI.DMAP, s 0 O-Si^ dioxane / V' 

OH O—Si^ acetonrtrile Y A \ ^ 1 

AT oph /\' 

147 

146 — 1 c hromatograph y column 

foam 

(Fluka;ref93411);a,a , -Azo 1 sobutyronitnle AIBN V . 

(Prolabo;ref 28111365) f „ mQV Ethvl acetate Pur (Carlo Erba;ref 528299); 

Solvents: Acetonitrile (Riedel-de Haen; ref 

Dioxan PA. (Merck; ref 1.09671.1000); Dichloromethane (Merck, ret 

(Carlo Erba; ref 309002); w lir w Acid Related Compounds. 42. 

Stereoselective Conver.ion of Ribonucleos^s to 2 -Deoxynu 

4059-4065 (.983). ^ (2g0 ml)> DMAP (16.5 g, 

To compound 146 (34 g, » « stitted at 

,35 mnto.) and pheny. chlorothionocarhonate (10.2 »l, 73 ^ 
room temperate for ,2 hts. Solve* was evapo^ed and *e ^ P ^ 

HC. 0.5N sointion (400 ml) and water (2x400 ml ) dn«> o ^ 
evaporated to dryness .0 give the intennedrate as P* >* ^ 
diss0 Wed in dioxan (ml) and MBN (3.3 g 20 -* - ™£ ^ ^ ^ ^ 

concentrated to a yellow oil which was chromatographed (e.aen, 




95/5) * give compound 148 (23 g, clorless ™» *» W <* °" 

ethanol/ petroleum ether. deo „.6-L-adeBosuie 148: 

Analyses for y^WM^f^ 1 ^'^'^ 1 — 

^nO-lUX^H/p^leumeteJCU^mpnWMX^Orl)) 

.„ NMR (200 MHz, CDCb): 5 8.33 and 8.03 (2s, 2H, H 2 and H,), 6.30 (dd, 1H, H, 2.85 *. J 
• 7 X),5.63(s 1; 2H > N„ 2 ),4.96(m, 1 H,H,),4,0,m,2H,H,andH„,,2, 6 8(m,2H,H,and 

H rb ), 1 .08 (m, 28H, isopropyl protons) 

Mass analysis (FAB+, GT) m/z 494 (M+H) + , 136 (BH 2 ) + 



Reaction 5: 



H2N 

N \ 



o— si; 



J- 



xr 



148 



NH4F. MeOH 
reflux, 2 hrs 



H2N 

M 



OH 



OH 

L-deoxyadenosine 149 
1 ch romatography column 
| Yield = 75%l 
crystals 



Ranc,..* : Ammonium fluoride (Fluka; ref 09742); SiUca ge. (Merck; ref 1.07734.2500) 
SCvents = Methanol P.A. (Prolabo; ref 20847.295); Dichloromethane P.A. (Merck; ref 
1.06050.6025); Ethanol 95 (Prolabo; ref 20823.293) ^Hvdroxvl 

Fnnchons with Ammonium Fluoride in Methanol. Mri. I*. 33, 1 177-1 1 0 ,192). 

A solution iT^^y*^*" f 
(32 g 65 mmol) and ionium fluoride (32 g, mnrol) in methanol was stirred la. reflux for 2 
L Silica gel was added and the mi*ure was enrefufly evaporated to give a whrte powder. Tins 
powder was added on me tpo of a silica column, which was eluted wrth 




dichloromethane/methanol 9/1. The appropriate fractions were combined and evaporated to give 
a white powder, which was crystallized from ethanol 95 (12.1 g, 75%). 
Analyses for 2'-Deoxy-p , -L-adenosine 149 : 

mp 189-190°C (EtOH 95) (identical to commercial 2'-deoxy-D-adenosine) 

'H NMR (200 MHz, DMSO-D 6 ): 8 8.35 and 8.14 (2s, 2H, H 2 and H 8 ), 7.34 (si, 2H, NH 2 ), 6.35 

(dd, 1H, H,s J 6.1 Hz, J 7.85 Hz), 5.33 (d, 1H, OH 2 , J 4.0 Hz), 5.28 (dd, 1H, H 3 ., J 4.95 Hz; J 6.6 

Hz), 4.42 (m, 1H, OH5 1 ), 3.88 (m, 1H, H,), 3.63-3.52 (m, 2H, H 5 * and Hs-b), 2,71 (m, 1H, H 2 . a ), 

2.28 (m, 1H, H 2 -b). (identical to commercial 2'-deoxy-D-adenosine) 

a D +26° (c 0.5 water) (commercial 2'-deoxy-D-adenosine -25° (c 0.5 water)). 

UV Xmax 260 nm (e 14100) (H 2 0). 

Mass analysis (FAB+, GT) m/z 252 (M+H) + , 136 (BH 2 ) + 

Example 3 Stereospecific Synthesis of 2'-Deoxy-P-L-Cytidine 



HN HMDS.(NH 4 )2SOy 

reflux (CH3)3Si0 A 




OSi(CH3) 3 ' (¥^~ 0AC ^ BzO i N A 




Hr T ll — L J) TMSTf 

* N 1,2.dichtoroethane ^ 



Uracite 



H2N.NH2.H2O 
/ Pyridine. CH3COOH 



0 I i 



i)c«H50C(S)a ^ ^ — - — rrmz u 

(68%y»eW) 



DMAP/CH3CN ^ 2)NaBHVC*HeB° H 

13 (66%ytetd) 



(56% yieW) 2 ) (MejSlhSiH. AIBN/ Dloxan 



1) LawessorVs reagent 
1,2-<Jichtoroethane 

2)MeOH/NH3 

looy-c 



NH 2 



(80%yfeW) 




l-(3,5-Di-0-benzoyl-p-L-xylofuranosyl)uracU(ll) 

Hydrazine hydrate (1 .4 mL, 28.7 mmol) was added to a solution of l^-O-acetyl-S.S-di- 
0-benzoyl-p-L-xylofuranosyl)uracil 10 [Ref: Gosselin, G.; Bergogne, M.-C; Imbach, J.-L., 
"Synthesis and Antiviral Evaluation of P -L-Xylofuranosyl Nucleosides of the Five Naturally 
Occuring Nucleic Acid Bases", Journal of Heterocyclic Chemistry, 1993, 30 (Oct.-Nov.), 1229- 
1233] (4 79 g, 9.68 mmol) in pyridine (60mL) and acetic acid (15 mL). The solution was stirred 
overnight at room temperature. Acetone was added (35 mL) and the mixture was stirred for 30 
min. The reaction mixture was evaporated under reduced pressure. The resulting residue was 
purified by silica gel column chromatography [eluent: stepwise gradient of methanol (0-4%) in 
dichloromethane to give 11 (3.0 g, 68%) which was crystallized from 
cyclohexane/dichloromethane: mp= 111-114*; >H-NMR (DMSO-*): 8 11.35 (far s, 1H,NH), 
7 9-7 4 (m 11H, 2 C 6 H 5 CO, H-6), 6.38 (d, 1H, OH-2', J 0H -r = 4.2 Hz), 5.77 (d, 1H, H-l\ Jv-v - 
1 9 Hz), 5.55 (d, 1H, H-5, J w =8 Hz), 5.54 (dd, 1H, H-3% J,.r = 3.9 Hz and J,,- = 1-8 Hz), 4.8 
(m 1H H -40,4.7(m,2H,H-5^dH-5»),4.3(m,lH,H-nMS:FAB>0(matrixGT)m/z4 

( mW 105 (C 6 H 5 CO) + ; FAB<0 (matrix GT) m/z 451 (M-H)', 121 (C^CO,)- , 111 (B); Anal. 
Calcd for C23 H 2 oN 2 0 8 .H 2 0 : C, 58.09 ; H, 4.76 ; N, 5.96. Found : C, 57.71 ; H, 4.42 ; N, 5.70. 
l-(3,5-Di-0-benzoyl-p-L-arabinofuranosyl)uracil(12) 

To a'solution of l<3,5-di-0-benzoyl-P-L-xylotoanosyl)uracil 11 (8 g, 17.7mL) in an 
anhydrous benzene-DMSO mixture (265 mL, 6:4, v/v) were added anhydrous pyridine (1 .4 mL), 
dicyclohexylcarbodiimide (10.9 g, 53 mmol) and dichloroacetic acid (0.75 mL). The resulting 
mixture was stirred at room temperature for 4h, then diluted with ethyl acetate (400 mL) and a 
solution of oxalic acid (4.8 g, 53 mmol) in methanol (14 mL) was added. After being stirred for 
lh the solution was filtered. The filtrate was washed with a saturated NaCl solution (2x500mL), 
3% NaHCOs solution (2x500mL) and water (2x500mL). The organic phase was dried over 
Na 2 S0 4 then evaporated under reduced pressure. The resulting residue was then solubilized in 
an EtOH absolute-benzene mixture (140 mL, 2 :1, v/v). To this solution at 0°C was addedNaBH4 
(0 96 g 26 5 mmol). After being stirred for lh, the solution was diluted with ethyl acetate (400 
mL) then filtered. The filtrate was washed with a saturated NaCl solution (400 mL) and water 
(400 mL). The organic phase was dried over Na 2 S0 4 , then evaporated under reduced pressure. 
The resulting crude material was purified by silica gel column chromatography [eluent: stepwise 




gradient of methanol (0-3%) in dichloromethane to give 12 (5.3 g, 66%) which was crystallized 
from acetonitrile: mp = 1 82-1 83°C; ! H-NMR (DMSO-4): 8 1 1 .35 (br s, 1H, NH), 8.0-7.5 (m, 
1 1H, 2 C 6 H 5 CO, H-6), 6.23 (br s, 1H, OH-2'), 6.15 (d, 1H, H-l\ Jr-r = 4 Hz), 5.54 (d, 1H, H-5, 
J„ =8.1 Hz), 5.37 (t, 1H, H-3', J 3 -- 2 > = J 3 m- = 2.6 Hz), 4.7-4.6 (m, 2H, H-5' and H-5"), 4.5 (m, 
1H, H-4'), 4.4 (m, 1H, H-2'); MS: FAB>0 (matrix GT) m/z 453 (M+H) + , 341 (S) + , 1 13 (BH 2 ) + , 
105 (C6H 5 CO) + ; FAB<0 (matrix GT) m/z 45 1 (M-H)\ 121 (C^CO,)" ,111 (B)"; Anal. Calcd 
for C23H 2 oN20 8 : C, 61.06 ; H, 4.46 ; N, 6.19. Found : C, 60.83 ; H, 4.34 ; N, 6.25. 

l-(3,5-Di-0-benzoyl-2-deoxy-p-L-erythro-pentofuranosyl)uracil(13) 
To a solution of l-(3,5-di-0-benzoyl-p-L-arabinofuranosyl)uracil 12 (5.2 g, 1 1 .4 mmoL) in 
anhydrous 1,2-dichloroethane (120 mL) were added phenoxythiocarbonyl chloride (4.7 mL, 34.3 
mL) and 4-(dimethylamino)pyridine (DMAP, 12.5 g, 102.6 mmoL). The resulting solution was 
stirred at room temperature under argon atmosphere for lh and then evaporated under reduced 
pressure. The residue was dissolved in dichloromethane (300 mL) and the organic solution was 
successively washed with an ice-cold 0.2 N hydrochloric acid solution (3x 200 mL) and water 
(2x200 mL), dried over Na 2 S0 4 then evaporated under reduced pressure. The crude material was 
co-evaporated several times with anhydrous dioxane and dissolved in this solvent (1 10 mL). To 
the resulting solution were added under argon tris-(trimethylsilyl)silane hydride (4.2 mL, 1 3.7 
mmol) and a,a'-azoisobutyronitrile (AIBN, 0.6 g, 3.76 mmol). The reaction mixture was heated 
and stirred at 100°C for lh under argon, then cooled to room temperature and evaporated under 
reduced pressure. The residue was purified by silica gel column chromatography [eluent: 
stepwise gradient of methanol (0-5%)] to give 13 (2.78 g, 56%) which was crystallized from 
EtOH: mp = 223-225°C; H-NMR (DMSO-4): 8 1 1 .4 (br s, 1H, NH), 8.0-7.5 (m, 1 1H, 2 
C 6 H 5 CO, H-6), 6.28 (t, 1H, H-l ', J = 7 Hz), 5.5 (m, 2H, H-l' and H-5), 4.6-4.4 (m, 3H, H-4\ H- 
5' and H-5"), 2.6 (m, 2H, H-2' and H-2"); MS: FAB>0 (matrix GT) m/z 437 (M+H) + , 3325 (S) + ; 
FAB<0 (matrix GT) m/z 435 (M-H)', 1 1 1 (B)'; Anal. Calcd for C 2 3H 2 oN 2 0 7 : C, 63.30 ; H, 4.62 ; 
N, 6.42. Found : C, 62.98 ; H, 4.79 ; N, 6.40. 
2'-Deoxy-p-L-cytidine (p-L-dQ 

Lawesson's reagent (1.72 g, 4.26 mmol) was added under argon to a solution of l-(3,5- 
di-0-benzoyl-2-deoxy-p-L-e/7r/jro-pentofiiranosyl)uracil 13 (2.66 g, 6.1 mmol) in anhydrous 
1,2-dichloroethane (120mL) and the reaction mixture was stirred under reflux for 2h. The solvent 




•— - - 

was then evaporated under reduced pressure and the residue was purified by silica gel column 
chromatography [eluent: stepwise gradient of ethyl acetate (0-8%) in dichloromethane] to give 
the 4-thio intermediate as a yellow foam. A solution of this thio-intermediate (1.5 g, 3.31 mmol) 
in methanolic ammonia (previously saturated at -10°C and tightly stopped) (50 mL) was heated 
at 100°C in a stainless-steel bomb for 3h and then cooled to 0°C. The solution was evaporated 
under reduced pressure. The resulting crude material was purified by silica gel column 
chromatography [eluent: stepwise gradient of methanol(0-20%) in dichloromethane]. Finally, the 
appropriate fractions were pooled, filtered through a unit Millex HV-4 (0,45 um, Millipore) and 
evaporated under reduced pressure to provide the desired 2'-deoxy-|3-L-cytidine (0-L-dC) as a 
foam (0.6 g, 80%) which was crystallized from absolute EtOH: mp=198-199°C; 'H-NMR 
(DMSO-40: 6 7.77 (d, 1H, H-6, J 6 . 5 = 7.4 Hz), 7.10 (br d, 2H, NH- 2 ), 6.13 (t, 1H, H-l\ J - 6.7 
, Hz), 5.69 (d, 1H, H-5, J 5 -6 = 7.4 Hz), 5.19 (d, 1H, OH-3', J 0H -3'= 4.1 Hz), 4.96 (t, 1H, OH-5', 
□ j 0H . 5 , = W = 5.2 Hz), 4.1 (m, 1H, H-3'), 3.75 (m, 1H, H-4'), 3.5 (m, 2H, H-5' and H-5"), 2.0 
f 3 (m, 1H, H-2'), 1 -9 (m, 1H, H-2"); MS: FAB>0 (matrix GT) m/z 228 (M+H) + , 1 12 (BH 2 ) + ; 
% FAB<0 (matrix GT) m/z 226(M-H)"; [a] 20 D = - 69 (c 0.52, DMSO) [[a] 20 D = + 76 (c 0.55, 
' ! 4 DMSO) for a commercially available hydrochloride salt of the D-enantiomer]. Anal. Calcd for 
f C 9 H 13 N304: C, 47.57 ; H, 5.77 ; N, 1 8.49. Found : C, 47.35 ; H, 5.68 ; N, 1 829. 
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Example 4 Stereoselective Synthesis of 2'-Deoxy.p-L-Cytidine (P-L-dC) 
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"2-Amino-p-L-arabinofurano[l'^':4,5]oxazoline(r) 

A mixture of L-arabinose (170 g, 1.13 mol), cyanamide (lOOg, 2.38 mol), methanol (300 
ml), and 6M-NH4OH (50 ml) was stirred at room temperature for 3 days and then kept at -10°C 
overnight. The product was collected with suction, washed successively with methanol and ether, 
and dried in vacuo. Yield, 130 g (66.0%) of the analytically pure compound 1, m.p. 170-172°C; 
'H NMR (DMSO-40 5 ppm 6.35 (br s, 2H, Nff 2), 5.15 (d, 1H, HA, J= 5.6 Hz), 5.45 (br s, 1H, 



Off-3), 4.70 (br s, 1H, OH-5), 4.55 (d, 1H, ff-2, J = 5.6 Hz), 4.00 (br s, 1H, tf-3), 3.65 (m, 1H, 

ff-4), 3.25(m,2H,tf-5,//-5'). 

Reagents : 

L-arabinose: Fluka, >99.5%, ref 10839 
Cyanamide: Fluka, >98%, ref 28330 

tf^'-anhydro-B-L-uridine (2) 

A solution of compound 1 (98.8 g, 0.57 mol) and methyl propiolate (98 ml) in 50% 
aqueous ethanol (740 ml) was refluxed for 5h, then cooled and concentrated under diminished 
pressure to the half of the original volume. After precipitation with acetone (600 ml), the product 
was collected with suction, washed with ethanol and ether, and dried. The mother liquor was 
partialy concentrated, the concentrate precipitated with acetone (1000 ml), the solid collected 
with suction, and washed with acetone and ether to afford another crop of the product. Over-all 
yield, 80 g (62%) of compound 2, m.p. 236-240°C; ! H NMR (DMSO-rf 6 ) 8 ppm 7.87 (d, 1H, H- 
6, J = 7.4 Hz), 6.35 (d, 1H, H-V, J = 5.7 Hz), 5.95 (d, 1H, H-5, J = 7.4 Hz), 5.90 (d, 1H, Otf-3'), 
5.20 (d, 1H, H-T, J = 5.7 Hz), 5.00 (m, 1H, Otf-3'), 4.44 (br s, 1H, tf-3'), 4.05 ( m, 1H, HA'), 
3.25(m,2H,tf-5,//-5'). 
Reagent ; 

Methyl propiolate: Fluka, >97%, ref 81863 

S'^'-Di-tf-benzoyl-O^'-anhydro-B-L-uridine (3) 

To a solution of compound 2 (71.1 g, 0.31 mol) in anhydrous pyridine (1200 ml) was 
added benzoyl chloride (80.4 ml) at 0°C and under argon. The reaction mixture was stirred at 
room temperature for 5 h under exclusion of atmospheric moisture and stopped by addition of 
ethanol. The solvents were evaporated under reduced pressure and the resulting residue was 
coevaporated with toluene and absolute ethanol. The crude mixture was then diluted with ethanol 
and the precipitate collected with suction, washed successively with ethanol and ether, and dried. 
Yield, 129 g (95.8%) of compound 3, m.p. 254 °C; ! H NMR (DMSO-</ 6 ) 8 ppm 8.1-7.4 (m, 1 1H, 
C^ 5 CO, H-6), 6.50 (d, 1H, H-V, J = 5.7 Hz), 5.90 (d, 1H, H-5, J = 7.5 Hz), 5.80 (d, 1H, H-T, J 
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= 5.8 Hz), 5.70 (d, 1H, H-3') 4.90 (m, 1H, tf-4'), 4.35 (m, 2H, H-5, H-5'). 
Reagent : 

Benzoyl chloride: Fluka, p.a., ref 12930 

3',5'-Di-0-benzoyl-2'-chloro-2'-deoxy-p,L-uridine(4) 

To a solution of compound 3 (60.3 g, 0.139 mol) in dimethylformamide (460 ml) was 
added at 0°C a 3.2 N-HC1/DMF solution (208 ml, prepared in situ by adding 47.2 ml of acetyl 
chloride at 0°C to a solution of 27.3 ml of methanol and 133.5 ml of dimethylformamide). The 
reaction mixture was stirred at 100°C for lh under exclusion of atmospheric moisture, cooled 
down, and poured into water (4000 ml). The precipitate of compound 4 was collected with 
! ■* suction, washed with water, and recrystallised from ethanol. The crystals were collected, washed 
)i with cold ethanol and ether, and dried under diminished pressure. Yield, 60.6 g (92.6%) of 
fp compound 4, m.p. 164-165°C; *H NMR (DMSO-</ 6 ) 5 ppm 8.7 (br s, 1H, NH), 8.1-7.3 (m, 1 1H, 
(I C6//5CO, H-6), 6.15 (d, 1H, H-V, J = 4.8 Hz), 5.5 (m, 2H, H-5, H-T), 4.65 (m, 4H, H-V, HA\ 
m H-5\H-5"). 



3',5'-Di-0-benzoyl-2'-deoxy-p,L-uridine(5) 

A mixture of compound 4 (60.28 g, 0.128 mol), tri-n-butyltin hydride (95 ml) and 
azabisisobutyronitrile (0.568 g) in dry toluene (720 ml) was refluxed under stirring for 5 h and 
cooled down. The solid was collected with suction and washed with cold toluene and petroleum 
ether. The filtrate was concentrated under reduced pressure and diluted with petroleum ether to 
deposit an additional crop of compound 5. Yield, 54.28 g (97.2%) of compound 5; m.p. 220- 
221°C ; 'H NMR (CDCI3) 6 ppm 8.91 (br s, 1H, WJ), 8.1-7.5 (m, 1 1H, C^sCO and H-6), 6.43 
(q, 1H, H-V, J v? = 5.7 Hz and J ,.,2- = 8.3 Hz), 5.7-5.6 (m, 2H, tf-3' and H-5), 4.8-4.6 (m, 3H, 
H-5\ H-5" and #-4'), 2.8-2.7 (m, 1H, H-T), 2.4-2.3 (m, 1H, H-T 1 ). 



ru 



Reagent : 

Acetyl chloride: Fluka, p.a., ref 00990 




Reagents : 

Tri-n-butyltin hydride: Fluka, >98%, ref 90915 
Azabisisobutyronitrile: Fluka, >98%, ref 11630 

3',5'-Di-(?-benzoyl-2'-deoxy-p-L-4-thio-uridine(6) 

A solution of compound 5 (69 g, 0.158 mol) and Lawesson's reagent (74 g) in anhydrous 
methylene chloride (3900 ml) was refluxed under argon overnight. After evaporation of the 
solvant, the crude residue was purified by a silica gel column chromatography [eluant: gradient 
of methanol (0-2%) in methylene chloride] to afford pure compound 6 (73 g) in quantitative 
yield; *H NMR (CDC1 3 ) 5 ppm 9.5 (br s, 1H, N#), 8.1-7.4 (m, 10H, C^sCO), 7.32 (d, 1H, H-6, 
J = 7.7 Hz), 6.30 (dd, 1H, H-V, J = 5.6 Hz and J = 8.2 Hz), 6.22 (d, 1H, H-5, J = 7.7 Hz), 5.6 (m, 
1H, H-Y), 4.7 (m, 2H, H-5', H-5"), 4.5 (m, 1H, //-4'), 2.8 (m, 1H, H-T), 2.3 (m, 1H, #-2"). 
Reagent : 

Lawesson's reagent: Fluka, >98%, ref 61750 

2'-Deoxy-p-L-cytosine 

A solution of compound 6 (7.3 g, 0.016 mol) in methanol saturated with ammonia (73 
ml) was heated at 100°C in a stainless steel cylinder for 3h. After cooling carefully, the solvent 
was evaporated under reduced pressure. An aqueous solution of the residue was washed with 
ethyl acetate and evaporated to dryness. Such a procedure was carried out on 9 other samples 
(each 7.3 g) of compound 6 (total amount of 6 = 73 g). The 10 residues were combined, diluted 
with absolute ethanol and cooled to give 7 as crystals. Trace of benzamide were eliminated from 
the crystals of 6 by a solid-liquid extraction procedure (at reflux in ethyl acetate for lh). Yield, 
28.75 g (78.6%) of compound 6; m. p. 141-145°C ; 'H NMR (DMSO) 8 ppm 8.22 and 8.00 (2 br 
s, 2H, UH 2 ), 7.98 (d, 1H, H-6, J= 7.59 Hz), 6.12 (t, 1H, H-V, J = 6.5 Hz and J = 7.6 Hz), 5.89 (d, 
1H, H-5, J = 7.59 Hz), 5.3 (br s, 1H, OH-V), 5.1 (br s, 1H, 0#-5'), 4.2 (m, 1H, H-V), 3.80 (q, 
1H, H-4', J= 3.6 Hz and J = 6.9 Hz), 3.6-3.5 (m, 2H, H-5\ H-5"), 2.2-2.0 (m, 2H, H-T, H-T'); 
FAB<0, (GT) m/e 226 (M-HV, 1 10 (B)'; FAB>0 (GT) 228 (M+H) + , 1 12 (B+2H) + ; [<x] D 20 - 56.48 
(c = 1 .08 in DMSO); UV (pH 7) X™ = 270 nm (e = 1 0000). 



Reagent : 

Methanolic ammonia: previously saturated at -5°C, tightly stoppered, and kept in a freezer. 
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Example 5 Stereoselective Synthesis of 2'-Deoxy-P-L-Thymidine (P-L-dT) 
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3%5'-Di-0-benzoyl-2'-deoxy-5-iodo-p-L-uridine0 

A mixture of compound 5 (105.8 g, 0.242 mol), iodine (76.8 g), CAN (66.4 g) and acetonitrile 
(2550 ml) was stirred at 80°C for 3h then the reaction mixture was cooled at room temperature 
leading to crystallization of compond 7 (86.6 g, 63.5%); m. p. 192-194°C ; 'H NMR (DMSO) 5 
ppm .8.34 (s, 1H, N/f), 8.2-7.2 (m, 11H.2 C 6 H 5 CO, H-6), 6.31 (q, 1H, H-\\ J= 5.5 Hz and J = 
8.7 Hz), 5.5 (m, 1H, H-V), 4.7 (m, 2H, H-5\ H-5"), 4.5 (m, 1H, tf-4'), 2.7 (m, 1H, H-T\ 2.3 
(m, 1H, tf-2"); FAB<0, (GT) m/e 561 (M-H)", 237 (B)*; FAB>0 (GT) 563 (M+H) + ; [a] D 20 + 
39.05 (c = 1.05 in DMSO); UV (EtOH 95) o max = 281 nm (e = 9000), u mi „ = 254 ran (e = 4000), 
Vmax = 229 nm (e = 31000); Anal. Calcd for CsaHuW^: C, 49.13 H, 3.41 N, 4.98 I, 22.57. 
Found: C, 49.31 H, 3.53 N, 5.05 1, 22.36. 



Reagents : 

Iodine: Fluka, 99.8%, ref 57650 

Cerium ammonium nitrate (CAN): Aldrich, >98.5%, ref 21,547-3 

3',5'-Di-0-benzoyl-2'-deoxy-3-A'-toluoyl-B-L-thymidine (9) 

To a solution of compound 7 (86.6g, 0.154 mol) in anhydrous pyridine (1530 ml) 
containing N-ethyldiisopropylamine (53.6 ml) was added, portionwise at 0°C, p-toluoyl chloride 
(40.6 ml). The reaction mixture was stirred for 2 h at room temperature, then water was added to 
stop the reaction and the reaction mixture was extracted with methylene chloride. The organic 
phase was washed with water, dried over sodium sulfate and evaporated to dryness to give crude 
3',5'-di-0-benzoyl-2'-deoxy-3-A^-toluoyl-5-iodo-P-L-uridine (8) which can be used for the next 
step without further purification. 

A solution of the crude mixture 8, palladium acetate (3.44 g), triphenylphosphine (8.0 g) 
in N-methylpyrolidinone (1375 ml) with triethylamine (4.3 ml) was stirred at room temperature 
for 45 min. Then, tetramethyltin (42.4 ml) was added dropwise at 0°C under argon. After stirring 
at 100-1 10°C overnight, the reaction mixture was poured into water and extracted with diethyl 
ether. The organic solution was dried over sodium sulfate and concentrated under reduced 
pressure. The residue was purified by a silica gel column chromatography [eluant: stepwise 
gradient of ethyl acetate (0-10%) in toluene] to give compound 9 as a foam (42.3 g, 48.3% for 
the 2 steps). 'HNMR (DMSO) 5 ppm .8.3-7.2 (m, 15H,2 C 6 H 5 CO, 1 CHaC^CO, H-6), 6.29 (t, 
1H, H-\\ J= 7.0 Hz), 5.7 (m, 1H, H-Y), 4.7-4.5 (m, 3H, H-5\ tf-5", H-4'), 2.7-2.6 (m, 2H, H- 
2', H-TJ, FAB<0, (GT) m/e 567 (M-HV, 449 (M-CHsCe^CO)", 243 (B)\ 121 (C^COO)"; 
FAB>0 (GT) 1 137 (2M+H) + , 569 (M+H) + , 325 (M-BV, 245 (B+2H) + , 1 19 (CH 3 C 6 H 5 CO) + . 
Reagents : 

/>-Toluoyl chloride, Aldrich, 98%, ref 10,663-1 
Diisopropylethylamine: Aldrich, >99.5%, ref 38,764-9 
JV-methylpyrolidinone: Aldrich, >99%, ref 44,377-8 
Paladium acetate: Aldrich, >99.98%, ref 37,987-5 
Triphenylphosphine: Fluka, >97%, ref 93092 
Tetramethyltin: Aldrich, >99%, ref 14,647-1 
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2'-Deoxy-p-L-thymidine 

A solution of compound 9 (42.3 g, 0.074 mol) in methanol saturated with ammonia (1850 ml) 
was stirred at room temperature for two days. After evaporation of the solvent, the residue was 
diluted with water and washed several times with ethyl acetate. The aqueous layer was separated, 
evaporated under reduced pressure and the residue was purified by a silica gel column 
chromatography [eluant: stepwise gradient of methanol (0-10%) in methylene chloride] to give 
pure 2'-deoxy-p-L-thymidine (11.62 g, 64.8%) which was crystallized from ethanol; m.p. 185- 
188°C; 'H NMR (DMSO) 6 ppm 1 1.3 (s, 1H, N//), 7.70 (s, 1H, H-6), 6.2 (pt, 1H, H-V), 5.24 (d, 
1H, OH-r, J = 4.2 Hz), 5.08 (t, 1H, OH-5', J = 5.1 Hz), 4.2 (m, 1H, H-V), 3.7 (m, 1H, tf-4'), 
3.5-3.6 (m, 2H, #-5\,tf-5"), 2.1-2.0 (m, 2H, H-2\ H-TJ, FAB<0, (GT) m/e 483 (2M-H)\ 349 
(M+T-H)", 241 (M-H)\ 125 (B)"; FAB>0 (GT) 243 (M+H) + > 127 (B+2H) + ; ) + ; [a] D 20 - 13.0 (c = 
1 .0 in DMSO); UV (pH 1) t> max = 267 ran (e - 9700), v mi „ = 234 nm (e = 2000). 
Reagent : 

Methanolic ammonia: previously saturated at -5°C, tightly stoppered, and kept in a freezer. 

Example 6 Stereoselective Synthesis of 2>-deoxy-p-L-inosine (p-L-dl) 

p-L-dl was synthesized by deamination of 2'-deoxy-P-L-adenosine (p-L-dA) following a 
procedure previously described in the 9-D-glucopyranosyl series (Ref: I. Iwai, T. Nishimura and 
B. Shimizu, Synthetic Procedures in Nucleic Acid Chemistry, W. W. Aorbach and R. S. Tipson, 
eds., John Wiley & Sons, Inc. New York, vol. 1, pp. 135-138 (1968)). 
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Thus asolutionof f-L^A (200 mg, in a mixture oface,io acid (0.6, mDandwate^ 
ml) was hea«d with sodium nitrite (495 mg), and me mixture was stirred a. room remperatirre 

soUrtion of me residue was app.ied to a co.umn of IR-120 (H*) ion-exchange ream «d *e 

1 U UV <H,0), W247 nm; 'H-NMR (DMSO^ 8.32 and 8.07 (2s, >H each, 
H 2 Jh 6 3 ( * 1H. «-l;H7 Hz), 4.4 (m, 1H, H-3'), 3.9 (m, »H, H4> 3.7-3.4 (m, 

" 8) ' 1 ' „ OD u 5' 5") 2 6 and 2.3 (2m, 1H eaeh, H-2' and H-2"); mass 
2H partial y obscured by HOD, H-5 ,5 ),/.oanu ^ +-,uS. 

FAB <0: 251 (m-W, 135 (base); Wo^ + 19.3 (-c 0.88, H 2 0). 
An*. HBV Activity of the Active Compounds 

flWB ceUs transform*, with hepatitis virion) can be evaluated as described m deUfi below. 

an , ysi sofHBVD N Abasbeendescribed(Korbaa,dM i ,man,m, A ^ > .5^. 
Tteantiviralevaluationsareperfornredon^oseparatepassagesofcel., All wells, m 

plates, are seeded at the same density and at the same time. 

' Due to the inherent variations in the .eve,s of bom intracellular and extracelluhff HBV 
DNA only depressions greater than 3.5-fold (for HBV virion DNA) or 3.0-fold (for HBV DNA 

1 considered* be statically significant (P<0.05). The leve.s of mtegrated HBV DNA in each 




cellular DNA preparation (which remain constant on a per cell basis in these experiments) are 
used to calculate the levels of intracellular HBV DNA forms, thereby ensuring that equal 
amounts of cellular DNA are compared between separate samples. 

Typical values for extracellular HBV virion DNA in untreated cells range from 50 to 150 
pg/ml culture medium (average of approximately 76 pg/ml). Intracellular HBV DNA replication 
intermediates in untreated cells range from 50 to 100 ug/pg cell DNA (average approximately 74 
pg/ug cell DNA). In general, depressions in the levels of intracellular HBV DNA due to 
treatment with antiviral compounds are less pronounced, and occur more slowly, than 
depressions in the levels of HBV virion DNA (Korba and Milman, 1991, Antiviral Res., 15:217). 

The manner in which the hybridization analyses are performed for these experiments 
result in an equivalence of approximately 1 .0 pg of intracellular HBV DNA to 2-3 genomic 
copies per cell and 1 .0 pg/ml of extracellular HBV DNA to 3 x 10 5 viral particles/ml. 

Example 7 

The ability of the triphosphate derivatives of p-L-dA, p-L-dC, p-L-dU, p-L-2'-dG, p-L- 
dl, and p-L-dT to inhibit hepatitis B was tested. Table 1 describes the comparative inhibitory 
activities of triphosphates of P-L-dT (P-L-dT-TP), p-L-dC (P-L-dC-TP), P-L-dU (P-L-dU-TP) 
and p-L-dA (P-L-dA-TP) on woodchuck hepatitis virus (WHV) DNA polymerase, human DNA 
polymerases a, p, and y. 




Table 1 



Inhibitor 


WHV DNA pol 
IC50 


DNA pol a 
Ki b (nM) 


DNA pol P 
K> (uM) 


DNA pol y 
K>(pM) 


p-L-dT-TP 


0.34 


>100 


>100 


>100 


p-L-dA-TP 


2.3 


>100 


>100 


>100 


p-L-dC-TP 


2.0 


>100 


>100 


>100 


p-L-dU-TP 


8 


>100 


>100 


>100 



8 IC 50 : 50% Inhibitory concentration j j a tt> 

b Ki value was determined using calf thymus activated DNA as template-primer and dATP as 
substrate. Inhibitors were analyzed by Dixon plot analysis. Under these conditions, die 
calculated mean K m of human DNA polymerase a for dATP as approximately 2.6 uM. Human 
DNA polymerase p exhibited a steady state K m of 3.33 uM for dATP. Human DNA polymerase 
Y exhibited a steady K„, of 5.2 uM. 

Example 8 

The anti-hepatitis B virus activity of p-L-dA, p-L-dC, p-L-dU, p-L-2'-dG and p-L-dT 
was tested in transfected Hep G-2 (2.2.15) cells. Table 2 illustrates the effect of p-L-dA, P-L-dC, 
p-L-dU, and p-L-dT against hepatitis B virus replication in transfected Hep G-2 (2.2.15) cells. 



Table 2 



Compound 


HBV virions 8 
EC 50 (uM) 


HBV Ri b 
ECso(uM) 


Cytotoxicity 
1C 5 o(uM) 


Selectivity Index 
IC50/EC50 


p-L-dT 


0.05 


0.05 


>200 


>4000 


P-L-dC 


0.05 


0.05 


>200 


>4000 


p-L-dA 


0.10 


0.10 


>200 


>2000 


p-L-dl 


1.0 


1.0 


>200 


>200 


P-L-dU 


5.0 


5.0 


>200 


>40 



b Replicative intermediates (Intracellular DNA) 



Example 9 

The effect of p-L-dA, p-L-dC and p-L-dT in combination on the growth of hepatitis B 
was measured in 2.2.15 cells. The results are provided in Table 3. 



Table 3 



Combination 


Katio 


EC50 


L-dC + L-dT 


1:3 


.023 


L-dC + L-dT 


1:1 


.053 


L-dC + L-dT 


3:1 


.039 


L-dC + L-dA 


1:30 


.022 


L-dC + L-dA 


1:10 


.041 


L-dC + L-dA 


1:3 


.075 


L-dT + L-dA 


1:30 


.054 


L-dT + L-dA 


.1:10 


.077 


L-dT + L-dA 


1:3 


.035 



Each combination produced anti-HBV activity that was synergistic. In addition, 



combination of L-dA + L-dC + L-dT was also synergistic in this model. 
Example 10 

The inhibition of hepatitis B replication in 2.2.15 cells by p-L-dA and p-L-dC, alone a 
in combination was measured. The results are shown in Table 4. 
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Table 4 



p-L-2 -deoxy- 
adenosine (\iM) 


p-Lf-/ -ueoxy- 
cyiicune v.iwvij 


% Inhibition 

/V 111111 l/lllV/l-L 


e C.I. 


0.5 




90 




f~ A AC 

0.05 




24 




0.005 




1 








95 








40 

"TV/ 






U.UUD 


10 




A AC 

0.05 


a 


80 


0.34 


0.05 


A AA< 


56 


0.20 


0.05 


A AAAC 

U.UUUD 


50 


0.56 


0 005 

V#« Wa/ 


0.05 


72 


0.35 


0.005 


0.005 


54 


0.35 


0.005 


0.0005 


f 30 


0.16 


0.0005 


0.05 


F 50 


0.83 


0.0005 


0.005 


15 


0.28 


0.0005 


0.0005 


0 


N.A. 



b p-L-2'-deoxy-cytidine: IC 5 o=0.06 uM 

'Combination indices values indicate synergism effect (<1), additive effect (=1), and antagonism 
effect (>1) 



Example 11 

The efficacy of L-dA, L-dT and L-dC against hepadnavirus infection in woodchucks 
(Marmota monax) chronically infected with woodchuck hepatitis virus (WHV) was determined. 
This animal model of HBV infection is widely accepted and has proven to be useful for the 
evaluation of antiviral agents directed against HBV. 
Protocol: 

Experimental groups (n=3 animals/drug group, n=4 animals/control) 



Group 1 
Group 2 
Groups 3-6 
Groups 7-10 
Groups 11-14 



vehicle control 

lamivudine (3TC) (10 mg/kg/day) 
L-dA (0.01, 0.1, 1.0, 10 mg/kg/day) 
L-dT (0.01, 0.1, 1.0, 10 mg/kg/day) 
L-dC (0.01, 0.1, 1.0, 10 mg/kg/day) 
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Drugs were administered by oral gavage once daily, and blood samples taken on days 0, 
1, 3, 7, H, 21, 28, and on post-treatment days +1, +3, +7, +14, +28 and +56. Assessment of the 
activity and toxicity was based on the reduction of WHV DNA in serum: dot-blot, quantative 
PCR. 

The results are illustrated in Figure 3 and Table 5. 

TableS 

Antiviral Activity of LdA, LdT, LdC in Woodchuck Model of Chronic HBV Infection 



day 


Control 


LdA 


LdT 


LdC 




ng WHV-DNA per ml serum • 




0 


381 


436 


423 


426 


1 


398 


369 


45 


123 


3 


412 


140 


14 


62 


7 


446 


102 


6 


46 


14 


392 


74 


1 


20 



1 LdA, LdT, LdC administered orally once a day at lOmg/kg 

2 limit of detection is 1 ng/ml WHV-DNA per ml serum 

The data show that L-dA, L-dT and L-dC are highly active in this in vivo model. First, 
viral load is reduced to undetectable (L-dT) or nearly undetectable (L-dA, L-dC) levels. Second, 
L-dA, L-dT and L-dC are shown to be more active than 3TC (lamivudine) in this model. Third, 
viral rebound is not detected for at least two weeks after withdrawal of L-dT. Fourth, dose 
response curves suggest that a modes increase in the dose of L-dA and L-dC would show 
antiviral activity similar to L-dT. Fifth, all animals receiving the drugs gained weight and no 
drug-related toxicity was detected. 

Toxicity of Compounds 

Toxicity analyses were performed to assess whether any observed antiviral effects are 
due to a general effect on cell viability. The method used is the measurement of the effect of p- 
L-dA, p-L-dC and p-L-dT on cell growth in human bone marrow clorogenic assays, as compared 
to Lamuvidine. The results are provided in Table 6. 
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Table 6 



f^nitmound 


CFU-GM (uM) 


BFU-E (uM) 


R-T -dA 


>10 


>10 


p-L-dC 


>10 


>10 


p-L-dT 


>10 


>10 


p-L-dU 


>10 


>10 


Lamuvidine 


>10 


>10 



Preparation of Pharmaceutical Compositions 

Humans suffering from any of the disorders described herein, including hepatitis B, can 
be treated by administering to the patient an effective amount of a p-2'-deoxy-p-L-erythro- 
pentofuranonucleoside, for example, p-L-2'-deoxyadenosine, p-L-2'-deoxycytidine, P-L-2'- 
deoxyuridine, p-L-2'-deoxyguanosine or p-L-2'-deoxythymidine or a pharmaceutical^ 
acceptable prodrug or salt thereof in the presence of a pharmaceutically acceptable carrier or 
diluent. The active materials can be administered by any appropriate route, for example, orally, 
parenteral^, intravenously, intradermally, subcutaneously, or topically, in liquid or. solid form. 

The active compound is included in the pharmaceutically acceptable carrier or diluent in 
an amount sufficient to deliver to a patient a therapeutically effective amount of compound to 
inhibit viral replication in vivo, without causing serious toxic effects in the patient treated. By 
"inhibitory amount" is meant an amount of active ingredient sufficient to exert an inhibitory 
effect as measured by, for example, an assay such as the ones described herein. 

A preferred dose of the compound for all of the abovementioned conditions will be in the 
range from about 1 to 50 mg/kg, preferably 1 to 20 mg/kg, of body weight per day, more 
generally 0.1 to about 100 mg per kilogram body weight of the recipient per day. The effective 
dosage range of the pharmaceutically acceptable prodrug can be calculated based on the weight 
of the parent nucleoside to be delivered. If the prodrug exhibits activity in itself, the effective 
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dosage can be estimated as above using the weight of the prodrug, or by other means known to 

those skilled in the art. 

The compound is conveniently administered in unit any suitable dosage form, including 
but not limited to one containing 7 to 3000 mg, preferably 70 to 1400 mg of active ingredient per 
unit dosage form. A oral dosage of 50-1000 mg is usually convenient. 

Ideally the active ingredient should be administered to achieve peak plasma 
concentrations of the active compound of from about 0.2 to 70 uM, preferably about 1.0 to 10 
uM. This may be achieved, for example, by the intravenous injection of a 0.1 to 5% solution of 
the active ingredient, optionally in saline, or administered as a bolus of the active ingredient. 

The concentration of active compound in the drug composition will depend on 
absorption, inactivation, and excretion rates of the drug as well as other factors known to those of 
skill in the art. It is to be noted that dosage values will also vary with the severity of the 
condition to be alleviated. It is to be further understood that for any particular subject, specific 
dosage regimens should be adjusted over time according to the individual need and the 
professional judgment of the person administering or supervising the administration of the 
H compositions, and that the concentration ranges set forth herein are exemplary only and are not 

intended to limit the scope or practice of the claimed composition. The active ingredient may be 
f U administered at once, or may be divided into a number of smaller doses to be administered at 
varying intervals of time. 

5 A preferred mode of administration of the active compound is oral. Oral compositions 

^ will generally include an inert diluent or an edible carrier. They may be enclosed in gelatin 
capsules or compressed into tablets. For me purpose of oral therapeutic administration, the 
active compound can be incorporated with excipients and used in the form of tablets, troches, or 
capsules. Pharmaceutically compatible binding agents, and/or adjuvant materials can be 
included as part of the composition. 

The tablets, pills, capsules, troches and the like can contain any of the following 
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose, gum 
tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such as alginic 
acid, Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such 
as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent 




such as peppermint, methyl salicylate, or orange flavoring. When the dosage unit form is a 
capsule, it can contain, in addition to material of the above type, a liquid carrier such as a fatty 
oil. In addition, dosage unit forms can contain various other materials which modify the physical 
form of the dosage unit, for example, coatings of sugar, shellac, or other enteric agents. 

The compound can be administered as a component of an elixir, suspension, syrup, 
wafer, chewing gum or the like. A syrup may contain, in addition to the active compounds, 
sucrose as a sweetening agent and certain preservatives, dyes and colorings and flavors. 

The compound or a pharmaceutically acceptable derivative or salts thereof can also be 
mixed with other active materials that do not impair the desired action, or with materials that 
supplement the desired action, such as antibiotics, antifungals, antiinflammatories, protease 
inhibitors, or other nucleoside or nonnucleoside antiviral agents. Solutions or suspensions used 
!"* for parenteral, intradermal, subcutaneous, or topical application can include the following 
?3 components: a sterile diluent such as water for injection, saline solution, fixed oils, polyethylene 
!H glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as 
fi benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; 
; P chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or 

phosphates and agents for the adjustment of tonicity such as sodium chloride or dextrose. The 
I'U parental preparation can be enclosed in ampoules, disposable syringes or multiple dose vials 
made of glass or plastic. 

■■■■■=> 

□ If administered intravenously, preferred carriers are physiological saline or phosphate 

U 

buffered saline (PBS). 

In a preferred embodiment, the active compounds are prepared with carriers that will 
protect the compound against rapid elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated delivery systems. Biodegradable, 
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylacetic acid. Methods for preparation of 
such formulations will be apparent to those skilled in the art. The materials can also be obtained 
commercially from Alza Corporation. 

Liposomal suspensions (including liposomes targeted to infected cells with monoclonal 
antibodies to viral antigens) are also preferred as pharmaceutically acceptable carriers. These 



may be prepared according to methods known to those skilled in the art, for example, as 
described in U.S. Patent No. 4,522,81 1 (which is incorporated herein by reference in its entirety). 
For example, liposome formulations may be prepared by dissolving appropriate lipid(s) (such as 
stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl 
choline, and cholesterol) in an inorganic solvent that is then evaporated, leaving behind a thin 
film of dried lipid on the surface of the container. An aqueous solution of the active compound 
or its monophosphate, diphosphate, and/or triphosphate derivatives is then introduced into the 
container. The container is then swirled by hand to free lipid material from the sides of the 
container and to disperse lipid aggregates, thereby forming the liposomal suspension. 

This invention has been described with reference to its preferred embodiments. 
Variations and modifications of the invention, will be obvious to those skilled in the art from the 
foregoing detailed description of the invention. It is intended that all of these variations and 
modifications be included within the scope of the this invention. 



